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UHVLOLHQFHDQGUHGXFLQJWKHLPSDFWRIDWWDFNVRQSDVVHQJHUVVWDIILQIUDVWUXFWXUHDQGSURSHUW\
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7HUURULVW$WWDFNVRQ5DLO6\VWHPV
,QWURGXFWLRQ
5DLOZD\DQGVXEZD\V\VWHPVDUHRSHQWRPLOOLRQVRISDVVHQJHUVZRUOGZLGHDQGVXFKFRQFHQWUDWLRQVRI
SHRSOHLQFRQWDLQHGHQYLURQPHQWVPDNHWKHV\VWHPVHVSHFLDOO\YXOQHUDEOHWRWHUURULVWDWWDFNWKURXJKWKH
XVHRIERWKFRQYHQWLRQDOH[SORVLYHVDQGXQFRQYHQWLRQDOZHDSRQV
(YHQZKHQWKH\DUHQRWSDUWLFXODUO\YLROHQWRUDWURFLRXVWHUURULVWDWWDFNVDJDLQVWSXEOLFWUDQVSRUWDWLRQ
V\VWHPV LQ XUEDQ HQYLURQPHQWV JHQHUDOO\ FDXVH GLIIXVH SDQLF DODUP DQG VXVSHQVLRQ RI YLWDO IXQFWLRQV
ZKLFKDUHWKHWUDGLWLRQDOJRDOVRIWHUURULVP
,Q RUGHU WR HIIHFWLYHO\ WDFNOH WKH WKUHDW SRVHG E\ WHUURULVP DQG RWKHU IRUPV RI YLROHQW FULPH LW LV
HVVHQWLDO WKDW RSHUDWRUV KDYH D WKRURXJK XQGHUVWDQGLQJ RI WKH SDVW DWWDFNV SHUSHWUDWHG DJDLQVW UDLOZD\
V\VWHPV DQG WKH OLNHO\ DWWDFN PHWKRGRORJLHV WHUURULVWV PD\ DGRSW LQ WKH IXWXUH  7KLV PHDQV
DFNQRZOHGJLQJSUHIHUUHGWDFWLFVORFDWLRQGHYLFHVPHDQVDQGSURFHGXUHVLQRUGHUWRSURYLGHSUHHPSWLYH
DQVZHUVWREHDGRSWHGLQFDVHRIWHUURULVWDWWDFN
3DVWDWWDFNV
2QHRIWKHNH\REMHFWLYHVRIWKH6HFXUH0HWURSURMHFWZDVWRXQGHUWDNHDVWXG\WRUHYLHZDQGDQDO\]H
SDVWWHUURULVWDWWDFNVWRLGHQWLI\WUHQGVLQPHWKRGRORJ\ORFDWLRQDQGVHYHULW\7KHREMHFWLYHRIWKLVVWXG\
ZDVWRSURYLGHDQRYHUDOODVVHVVPHQWRIWKHWHUURULVWDWWDFNVSHUSHWUDWHGDJDLQVWUDLOEDVHGSXEOLFWUDQVSRUW
V\VWHPVLQWKHODVWILIW\\HDUVIRFXVLQJLQSDUWLFXODURQXQGHUJURXQGPHWURV\VWHPV)RUWKH
SXUSRVHVRIWKLVVWXG\WHUURULVWDWWDFNVKDYHEHHQGHILQHGDVYLROHQFHFDOFXODWHGWRFUHDWHDQDWPRVSKHUH
RIIHDUDQGDODUPWRFRHUFHRWKHUVLQWRDFWLRQVWKH\ZRXOGQRWRWKHUZLVHXQGHUWDNHRUUHIUDLQIURPDFWLRQV
WKH\ GHVLUHG WR WDNH DQG DUH JHQHUDOO\ FDUULHG RXW LQ D ZD\ WKDW ZLOO DFKLHYH PD[LPXP SXEOLFLW\
7KHUHIRUHWKHVWXG\GRHVQRWFRQVLGHUDWWDFNVDJDLQVWWUDQVSRUWV\VWHPVDQGLQIUDVWUXFWXUHSHUSHWUDWHGE\
DUPHGIRUFHVDQGPLOLWDU\IDFWLRQVGXULQJFRQYHQWLRQDODUPHGFRQIOLFWV
7R XQGHUWDNH WKLV VWXG\ GDWD ZDV JDWKHUHG IURP WKH 5$1'&RUSRUDWLRQ¶V 'DWDEDVH RI:RUOGZLGH
7HUURULVP ,QFLGHQWV5':7, DQG IURP WKH 8QLYHUVLW\ RI 0DU\ODQG¶V *OREDO 7HUURULVP 'DWDEDVHÁ 
7KHVH WZR GDWDEDVHV KDYH FROOHFWHG FODVVLILHG DQG FDWDORJXHG WHUURULVW HYHQWV ZKLFK KDYH RFFXUUHG
ZRUOGZLGHVLQFHWKHV
7KHGDWDZDVLQLWLDOO\ILOWHUHGWRUDLOUHODWHGDWWDFNVLQFOXGLQJYHKLFOHVDQGLQIUDVWUXFWXUHWREHWWHUPHHW
WKHUHTXLUHPHQWVRIWKH6HFXUH0HWURSURMHFW7KHQFRPPRQLQIRUPDWLRQUHODWLQJWRWKHWHUURULVWDWWDFNV
ZDVH[WUDFWHGVXFKDV\HDUFRXQWU\WDUJHWWDFWLFZHDSRQQXPEHURIIDWDOLWLHVQXPEHURILQMXULHVDQG
SHUSHWUDWRUV:KHUHDYDLODEOHIXUWKHUGHWDLOVLHW\SHRIERPEVXLFLGHPLVVLRQVLPXOWDQHLW\ZLWKRWKHU
DWWDFNVZHUHQRWHGWREHWWHUXQGHUVWDQGWKHSRWHQWLDOLPSDFWRIDWWDFNVRQPHWURV\VWHPV7KHGDWDZDV
DQDO\]HGZLWK WZR VSHFLILF WLPHIUDPHV LQPLQG  DQG   )RFXVLQJ LQ RQ WKLVPRVW
UHFHQWGHFDGHDOORZHGWKHSURMHFWWRH[WUDFWGDWDZKLFKEHWWHUUHIOHFWHGFXUUHQWWUHQGVLQWHUURULVWDWWDFNV
6LQFHWUDLQDQGVXEZD\V\VWHPVKDYHEHHQREMHFWRIDWWDFNV)LJZKLFKNLOOHGDWRWDORI
SHRSOHDQGLQMXUHGH[FOXGLQJSHRSOHLQMXUHGGXULQJWKH7RN\RVDULQDWWDFN

'DWDEDVHRI:RUOGZLGH7HUURULVP,QFLGHQWVZHEVLWHKWWSZZZUDQGRUJQVUGSURMHFWVWHUURULVPLQFLGHQWVDERXW
Á*OREDO7HUURULVP'DWDEDVHZHEVLWHKWWSZZZVWDUWXPGHGXJWG
7KLV ILJXUH LV VWURQJO\ VNHZHGE\ WKHKLJKQXPEHURI LQMXUHG UHFRUGHG LQ WKH7RN\R VDULQ DWWDFNZKLFKDFFRXQWV IRU
QHDUO\ RQH WKLUG RI WKH WRWDO LQMXULHV UHFRUGHG LQ RXU FKURQRORJ\  7KH WRWDO LQMXUHG LV VXEMHFW WR FRQWHVWDWLRQ DQG UHYLVLRQV VHH
5$1'&RUSRUDWLRQ¶V6HFXULQJ$PHULFD¶V3DVVHQJHU5DLO6\VWHPVSVRIRUWKHSXUSRVHVRIWKLVSDSHUWKHWRWDOLQMXULHVWROO
VKDOOH[FOXGHWKH7RN\RVDULQDWWDFNILJXUHV
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)LJ1XPEHURIDWWDFNVIDWDOLWLHVDQGLQMXULHV
7KHGDWDFROOHFWHGVKRZHGDQLQFUHDVHLQDWWDFNVDQGFDVXDOWLHVH[SHULHQFHGLQWKHODVWGHFDGH
,QSDUWLFXODUPRUHWKDQDKDOIRIWKHWRWDOKDYHEHHQFDUULHGRXWGXULQJWKHODVW\HDUV
7KHVDPHSHULRGDOVRUHFRUGHGRIWRWDOIDWDOLWLHVDQGRIWRWDOLQMXULHV
&RQFHUQLQJWDFWLFVDGRSWHGWRDWWDFNWUDLQDQGVXEZD\V\VWHPV)LJLWZDVQRWHGWKDWERPELQJLV
ODUJHO\ WKHSUHIHUUHGDQGPRUHFRPPRQZD\ WRFDUU\RXW DWWDFNV DFFRXQWLQJ IRUPRUH WKDQKDOIRI WKH
WRWDO HYHQWV UHFRUGHG  LQ WKH SHULRG   6DERWDJH IROORZV  DQG WKHQ DUPHG DWWDFN
DQGDUVRQ  )RU WKHSHULRG WKHUH LV OLWWOHFKDQJH LQ WKH VWDWLVWLFVZLWKERPELQJ
VDERWDJHDUPHGDWWDFNDQGDUVRQKDYLQJDQGUHVSHFWLYHO\)LJ7KLVVXJJHVWVWKDW
IRU WKH IRUHVHHDEOH IXWXUH ERPELQJ UHPDLQV WKH SULPDU\ WHUURULVW DWWDFN PHWKRGRORJ\ IRU XVH RQ UDLO
WUDQVSRUWV\VWHPV
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2IWKHWDFWLFVDGRSWHGERPELQJLVWKHGHDGOLHVWZLWKRIWKHWRWDOIDWDOLWLHVRFFXUULQJDVDUHVXOWRI
ERPEDWWDFNV7KLVWUHQGLVDOVRUHIOHFWHGLQWKHQXPEHURILQMXULHVZLWKRIWKHWRWDOSHRSOHZRXQGHG
E\ERPEDWWDFNV
$)RFXVRQ6XEZD\9HKLFOHV
)URP WKHGDWD VWXGLHG WUDFNV DQGYHKLFOHV DUHXQGRXEWHGO\ WKHSUHIHUUHG ORFDWLRQV IRU DWWDFNV 7KH
QXPEHURIDWWDFNVRQYHKLFOHVDQGWUDFNVDUHURXJKO\VLPLODULQQXPEHUIRUWKHWLPHSHULRGVVWXGLHGEXW
WKRVHRQYHKLFOHVDUHFRQVLGHUDEO\PRUH OHWKDO RI WKHIDWDOLWLHVKDYHRFFXUUHGZKLOH WUDYHOOLQJRQ
WUDLQRUVXEZD\FDUULDJHVZKLOHRQO\RIWKHIDWDOLWLHVZHUHGXHWRDWWDFNVRQWUDFNV,WLVLQWHUHVWLQJ
WR QRWH WKDW DWWDFNV LQ VWDWLRQV DOWKRXJK QXPHULFDOO\ OHVV IUHTXHQW WKDQ WKRVH RQ WUDFNV KDYH D KLJKHU
PRUWDOLW\SHUFHQWDJH
%RPELQJ DFFRXQWV IRU URXJKO\ WZRWKLUGV RI WKH WRWDO YLROHQW DFWLYLWLHV SHUSHWUDWHG DJDLQVW PHWUR
YHKLFOHV,QWKHSDVWYHKLFOHVKDYHEHHQODUJHO\VXEMHFWHGWRVLQJOHDVVDXOWVZKLOHPXOWLSOHVLPXOWDQHRXV
DWWDFNVRQYHKLFOHVUHSUHVHQWRQO\DPLQRULW\RSWLRQ+RZHYHUZKDWVHHPVWREHSDUWLFXODUO\UHOHYDQWLV
WKDWWKHPDMRULW\RIPXOWLSOHDWWDFNVLGHQWLILHGIURPWKHGDWDDUHFRQFHQWUDWHGLQWKHSHULRGEHWZHHQ
DQG
7DEOH$WWDFNVRQVXEZD\V\VWHPV

 7RWDO$WWDFNV $WWDFNVRQ9HKLFOHV RI7RWDO )DWDOLWLHVRQ9HKLFOHV ,QMXULHVRQ9HKLFOHV
6XEZD\     
6XEZD\(8     
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2I WKHDWWDFNV LQYHVWLJDWHGKDYHEHHQSHUSHWUDWHGDJDLQVW VXEZD\V\VWHPVDFURVV WKHZRUOG
ZLWKRFFXUULQJLQ(XURSHDQ8QLRQFRXQWULHV,WHPHUJHVWKDWWKHYDVWPDMRULW\RIIDWDOLWLHVDQGLQMXULHV
GXHWRDWWDFNVLQVXEZD\V\VWHPVLQWKHFDVHRIIDWDOLWLHVDQGLQWKHFDVHRILQMXULHVDFWXDOO\
RFFXUUHGRQPHWURYHKLFOHV7DEOHFOHDUO\VKRZVVXFKWUHQGVSURYLQJWKHLPSRUWDQFHRIDGGUHVVLQJWKH
LVVXHRIPHWURYHKLFOHVHFXULW\
)XWXUH7KUHDWV±)LUH	%ODVW
)RFXVLQJRQWKHSHULRGLWLVFOHDUIURPWKHGDWDWKDWERPELQJLVWKHSUHIHUUHGDWWDFNPHWKRG
DQG WKLV WUHQG LV OLNHO\ WR FRQWLQXH LQWR WKH QH[W GHFDGH 2I WKH VHYHQ DWWDFNV FDUULHG RXW GXULQJ WKLV
SHULRGRQVXEZD\YHKLFOHVIRXUKDYHEHHQFDUULHGRXWE\VXLFLGHDWWDFNHUV'DHJXDUVRQDWWDFNRQWKHWK
)HEUXDU\0RVFRZERPELQJRQ WKHWK)HEUXDU\/RQGRQERPELQJRQ WKHWK-XO\DQG
0RVFRZERPELQJRQWKHWK0DUFK,WZDVQRWHGWKDWDOOIRXURIWKHVHDWWDFNVZHUHFDUULHGRXWDW
PRUQLQJ UXVK KRXU LQ RUGHU WR PD[LPLVH WKH QXPEHU RI IDWDOLWLHV DQG LQMXULHV DPRQJ SDVVHQJHUV
&RQFHUQLQJWKHSRVLWLRQLQJRIWKHGHYLFHVRQWKHWUDLQPRVWGHYLFHVZHUHORFDWHGLQWKHSUR[LPLW\RIWKH
GRRUVZKHUHSDVVHQJHUVFRQJUHJDWHWRDOLJKWRUERDUGWKHYHKLFOH
7REHWWHUXQGHUVWDQGWKHNH\FRQFHUQVRIWKHUDLOPHWURLQGXVWU\UHJDUGLQJSRWHQWLDOWHUURULVWDWWDFNVD
TXHVWLRQQDLUH ZDV GLVWULEXWHG WR VWDNHKROGHUV ZLWKLQ WKH LQGXVWU\ IRU WKHLU IHHGEDFN  $ WRWDO RI 
UHVSRQGHQWVSURYLGHGWKHLULQVLJKWVLQWRIXWXUHWKUHDWVDQGWKHILQGLQJVDUHVXPPDUL]HGDVIROORZV
7DEOH)LQGLQJVRIWKHLQGXVWU\TXHVWLRQQDLUH









7KHUHVSRQVHVUHYHDOWKDWWKHLQGXVWU\IHHOVWKHSULPDU\WKUHDWWRWKHUDLOV\VWHPVFRPHVLQWKHIRUPRI
H[SORVLYHGHYLFHV$QGZKLOVWWKHWKUHDWRIILUHERPERUDUVRQDWWDFNZDVGHHPHGWREHUHODWLYHO\ORZWKH
VWDNHKROGHUVXQDQLPRXVO\DJUHHGWKDWWKHOHWKDOLW\RIVXFKDQDWWDFNZRXOGEHKLJK
$OWKRXJKKLVWRULFDOGDWDDQGWKDWJDWKHUHGIURPWKHVWDNHKROGHUVSURYLGHDFOHDULQGLFDWLRQIRUVHFXULW\
FRQFHUQVWRGD\LWVKRXOGEHQRWHGWKDWWHUURULVWVDUHG\QDPLFDQGIOH[LEOHHQWLWLHVZKRVHDWWDFNSDWWHUQV
FKDQJHUDSLGO\DQGZLWKRXWZDUQLQJ

6WUXFWXUDO'HVLJQWRPLWLJDWHHIIHFWRIDWWDFN
7KH6HFXUH0HWURSURMHFWLVORRNLQJDW WKHVWUXFWXUDOGHVLJQDQGPDWHULDOFKRLFHWREHWWHUPLWLJDWHWKH
HIIHFWVRIEODVWDWWDFN :KLOVW LW LVQRWSUDFWLFDO WRFUHDWHDERPESURRIPHWURYHKLFOHGXHFRVWZHLJKW
HDVHRIDFFHVV LVVXHV HWF LW LVSRVVLEOH WRPRGLI\ WKH UHVSRQVHRI WKH VWUXFWXUH WR UHGXFH WKH LPSDFWD
EODVWKDVRQERWKWKHVWUXFWXUHDQGLWVSDVVHQJHUV
7KHVWUXFWXUHVLQWKHLPPHGLDWHYLFLQLW\RIDERPEGHWRQDWLRQDUHH[SRVHGWRERWKEODVWDQGIUDJPHQW
ORDGLQJZKLFKPHDQVWKDWVHYHUDOW\SHVRIORDGLQJHIIHFWVPXVWEHFRQVLGHUHGLQSDUWLFXODU

4XHVWLRQSRVHG +LJKHVWUDQNLQJUHVSRQVH
0RVWVHYHUHWKUHDW ([SORVLYHGHYLFH
0RVWSUREDEOHWKUHDW ([SORVLYHGHYLFH
0RVWYXOQHUDEOHWDUJHW 0XOWLPRGDOWHUPLQDOV
3ULPDU\DLPRIDWWDFN /RVVRIOLIH
'HYLFHW\SH ,PSURYLVHGH[SORVLYHGHYLFH
$WWDFNW\SH 0XOWLSOHWDUJHWV
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x 6KRFNZDYHV$IWHUDEODVWZDYHVWULNHVDVXUIDFHKLJKYHORFLW\ VKRFNZDYHVZLOOFRQWLQXH WRSDVV
WKURXJKWKHVWUXFWXUH
x )UDJPHQWDWLRQ7KHLPSDFWDQGRUSHQHWUDWLRQRIVKUDSQHO
x )LUH DQG KHDW 6WUXFWXUHV PD\ EH H[SRVHG WR ILUH DQG KHDW VRXUFHV HLWKHU DV D UHVXOW RI WKH LQLWLDO
H[SORVLRQRUIURPVHFRQGDU\ILUHVDQGH[SORVLRQV
x %ODVWZLQG$WWKHH[SORVLRQVLWHDYDFXXPLVFUHDWHGZKLFKZLOODOPRVWLPPHGLDWHO\UHILOOLWVHOIZLWK
WKHVXUURXQGLQJDWPRVSKHUH $VD UHVXOWDKLJKLQWHQVLW\ZLQGRFFXUVZKLFKPD\FDXVHIUDJPHQWHG
REMHFWVDQGGHEULVWREHGUDZQEDFNWRZDUGVWKHVRXUFHRIWKHH[SORVLRQ

,QWHUQDOH[SORVLRQVVXFKDVWKRVHZLWKLQDQXQGHUJURXQGWUDLQFDQSURGXFHFRPSOH[SUHVVXUHORDGLQJ
SURILOHV DV D UHVXOW RI WZR ORDGLQJ SKDVHV  WKH ILUVW ORDGLQJ SKDVH UHVXOWV IURP WKH EODVW RYHUSUHVVXUH
UHIOHFWLRQDQGGXHWRWKHFRQILQHPHQWSURYLGHGE\WKHVWUXFWXUHDVHFRQGORDGLQJSKDVHRIUHUHIOHFWLRQ
ZLOO RFFXU  'HSHQGLQJ RQ WKH GHJUHH RI FRQILQHPHQW RI WKH VWUXFWXUH WKH FRPELQHG HIIHFWV RI WKH
UHVXOWLQJ SUHVVXUHV PD\ FDXVH GLIIHUHQW GHJUHHV RI GDPDJH WR WKH VWUXFWXUH  2Q WKH EDVLV RI WKH
FRQILQHPHQWHIIHFWWDUJHWVWUXFWXUHVFDQEHGHVFULEHGDVHLWKHUYHQWHGRUXQYHQWHGZLWKWKHORDGLQJRIWKH
VWUXFWXUHYDU\LQJGHSHQGLQJXSRQLWVVKDSHDQGLWVDELOLW\WRDOORZYHQWLQJRIGHWRQDWLRQSURGXFWV$QXQ
YHQWHGVWUXFWXUHPXVWEHVWURQJHUWRUHVLVWDVSHFLILFH[SORVLRQ\LHOGWKDQDYHQWHGVWUXFWXUHZKHUHVRPH
RIWKHH[SORVLRQHQHUJ\ZRXOGEHGLVVLSDWHGIRUH[DPSOHE\WKHEUHDNLQJRIZLQGRZJODVVLQWKHFDVHRI
D UDLOYHKLFOH 9HQWLQJIROORZLQJ WKH IDLOXUHRIZLQGRZVJHQHUDOO\ UHGXFHV WKHSHDNYDOXHVRI LQWHUQDO
SUHVVXUHVKRZHYHUYHQWLQJZLWKLQDFRQILQHGVSDFHVXFKDVDWXQQHOFDQDOVROHDGWRFRPSOH[ORDGLQJV
IRUFLQJSDUWVRIWKHYHKLFOHVWUXFWXUHEDFNLQWRWKHYHKLFOHDVFDQEHVHHQLQ)LJ














)LJD	E3DUWRIDPHWURYHKLFOHGRRUIRUFHGLQWRWKHFRPSDUWPHQWGXHWRUHIOHFWHGSUHVVXUHZDYHVIURPVXUURXQGLQJWXQQHO
LQIUDVWUXFWXUH
:LQGRZV*OD]LQJ
7KH\DUHWKHSULPDU\FDXVHRIIUDJPHQWVDQGLQMXULHVVLQFHWKHPXOWLSOHUHIOHFWLRQVRIWKHEODVWZDYH
FDXVHWKHJODVVGHEULVWREHSURMHFWHGDWKLJKVSHHGLQVLGHWKHFDUULDJHKLWWLQJDQGSHQHWUDWLQJSDVVHQJHUV
:LQGRZVVKRXOGLGHDOO\QRWIUDJPHQWEXWEHDEOHWRDEVRUEDWOHDVWSDUWLDOO\WKHHQHUJ\RIWKHEODVWZDYH
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WKURXJK SODVWLF GHIRUPDWLRQ  3DUWLFXODU DWWHQWLRQ VKRXOG EH SDLG DOVR WR WKH ZLQGRZV IUDPHV ZKLFK
VKRXOGEHDEOHWRNHHSWKHJODVVDWWDFKHGWRWKHYHKLFOHVWUXFWXUHDYRLGLQJWKHZKROHJODVVDQGWKHIUDPH
WREHSURMHFWHGHLWKHURXWVLGHZKHQVWRSSHGDWDVWDWLRQRULQVLGHZKHQLQDWXQQHO
,QWHUORFNLQJGRRUV
0RGHUQPHWURYHKLFOHGHVLJQVKDYHUHPRYHGPRVWRIWKHLQWHUORFNLQJGRRUVEHWZHHQFDUULDJHVFUHDWLQJ
RSHQ³ERD´ W\SHYHKLFOHVZKHUHSDVVHQJHUVFDQHDVLO\ZDONEHWZHHQFDUULDJHV 7KLVGHVLJQSKLORVRSK\
FDQ KDYH ERWK EHQHILFLDO DQG GHWULPHQWDO HIIHFWV +LJK RYHU SUHVVXUHV DUH UHGXFHG GXH WR UHPRYDO RI
LQWHUORFNLQJ GRRUV KRZHYHU WKH EODVW HIIHFW FDQ LQIOXHQFH D JUHDWHU YROXPH RI WKH WUDLQZLWKRXW GRRUV
SUHVHQWWUDYHOOLQJWKHIXOOOHQJWKRIWKHYHKLFOH
:DOOV
7KHZDOOVRIWKHFDUULDJHVKRXOGEHDEOHWRDEVRUEWKHHQHUJ\RIWKHEODVWWKURXJKSODVWLFGHIRUPDWLRQ
ZLWKRXWEUHDNLQJLQWRSLHFHVDQGWROLPLWWKHUHIOHFWLRQRIWKHEODVWZDYHLQVLGHWKHFDUULDJH,GHDOO\WKH
PDWHULDOV XVHG LQ WKH ZDOOV RI WKH FDUULDJH VKRXOG EH DEOH WR DEVRUE WKH HQHUJ\ RI WKH EODVW WKURXJK
FRQWUROOHGGHIRUPDWLRQHLWKHUDWDPDWHULDOOHYHORUWKURXJKMRLQWGHVLJQ
5RRI
7KH EODVW ZDYH JHQHUDWHV D QHJDWLYH SUHVVXUH ZKLFK FDQ HIIHFWLYHO\ VXFN FRPSRQHQWV WKDW DUH QRW
VXLWDEO\DWWDFKHG WR WKHVXUURXQGLQJVWUXFWXUH WRZDUGV WKHHSLFHQWHURI WKHEODVW 5RRIPDWHULDOVVKRXOG
UHIOHFW WKRVHXVHGLQWKHZDOOVLHHQHUJ\DEVRUELQJEXWVKRXOGDOVRIRFXVRQWKHMRLQLQJPHWKRGVDQG
PDWHULDOVXVHGEHWZHHQFRPSRQHQWV'HSHQGLQJRQWKHORFDWLRQRIKHDY\HTXLSPHQWVXFKDV+9$&LW
PD\EHQHFHVVDU\WRUHLQIRUFHRUSURWHFWNH\VXSSRUWVWUXFWXUHVIRUWKLVHTXLSPHQWWRDYRLGFROODSVHRIWKH
URRISDQHOV
6HDWV
7KH EODVW ZDYH FDQ FDXVH WKH VHDWV WR GLVLQWHJUDWH LQWR KLJK YHORFLW\ SURMHFWLOHV NLOOLQJ RU LQMXULQJ
SDVVHQJHUV  ,GHDOO\ VHDWV VKRXOG EH DUUDQJHG VR DV WR EH DIIHFWHG DV OLWWOH DV SRVVLEOH E\ WKH EODVW LQ
ZKLFKFDVHORQJLWXGLQDOVHDWLQJDUUDQJHPHQWVDUHSUHIHUDEOH7KHLUFRQQHFWLRQZLWKWKHFDUULDJHVWUXFWXUH
VKRXOGEHGHVLJQHGVRWKDWLWLVDEOHWRUHVLVWRUDEVRUESDUWRIWKHEODVWZDYHHQHUJ\0DWHULDOVHOHFWLRQ
VKRXOGIRFXVRQHQHUJ\DEVRUELQJPDWHULDOVZKHUHSRVVLEOHEDVHGRQWKHVHDWLQJGHVLJQEXWPDLQO\RQ
HQHUJ\DEVRUELQJMRLQWVERWKZLWKLQWKHVHDWDQGEHWZHHQWKHVHDWDQGYHKLFOHVWUXFWXUH7KHMRLQWVVKRXOG
LGHDOO\HQDEOHGHIRUPDWLRQIRUHQHUJ\DEVRUSWLRQEXWDYRLGFRPSOHWHIDLOXUHWRPDLQWDLQWKHVHDWLQJZLWKLQ
WKHYHKLFOHVWUXFWXUH7KHVHDWVWKHPVHOYHVVKRXOGKDYHPLQLPDOSDUWVWRUHGXFHWKHPDWHULDODYDLODEOHIRU
IUDJPHQWDWLRQ
+9$&DQGRWKHUKHDY\HTXLSPHQW
+HDWYHQWLODWLRQDQGDLUFRQGLWLRQLQJHTXLSPHQWKDYHDVLJQLILFDQWPDVVDQGVL]H 7\SLFDOO\ORFDWHG
RQ WKH URRI RI WKH FDUULDJH WKH QHJDWLYH SUHVVXUH JHQHUDWHG E\ WKH EODVW FDQ LQ IDFW FDXVH WKHP WR IDOO
LQVLGHWKHFDUULDJHKLWWLQJWKHSDVVHQJHUV +HDY\HTXLSPHQWVKRXOGEHWKHUHIRUHSODFHGRQWKHIORRURU
EHORZLWVKLHOGHGE\WKHIORRUDQGWKHKHDY\ERJLHVVWUXFWXUHVLQRUGHUQRWWRIDOORQSDVVHQJHUV)DLOLQJ
WKDWWKHVWUXFWXUHZKLFKVXSSRUWVWKHHTXLSPHQWVKRXOGEHVXLWDEO\UHLQIRUFHG
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6KRXOGDGHYLFHEHGHWRQDWHGRQWKHIORRURIDPHWURYHKLFOHWKHEODVWLVOLNHO\WRSHQHWUDWHWKHIORRU
DQG WKH EODVW ZDYH YHQW RXWZDUGV XQGHUQHDWK WKH YHKLFOH FDXVLQJ GDPDJH WR ERJLHV DQG HTXLSPHQW
(TXLSPHQWGHWDFKLQJIURPWKHXQGHUVLGHRIWKHWUDLQLVKLJKO\OLNHO\WRFDXVHGHUDLOPHQWDQGGDPDJHWR
WKH LQIUDVWUXFWXUH  ,Q -DQXDU\  D /RQGRQ 8QGHUJURXQG &HQWUDO /LQH WUDLQ GHUDLOHG GXH WR WKH
GHWDFKPHQWRI WKH WUDFWLRQPRWRU IURP WKHYHKLFOH 7KHH[WHQWRI WKHGDPDJH WR WKH LQIUDVWUXFWXUHZDV
GHWDLOHGLQD/RQGRQ8QGHUJURXQGLQWHULPUHSRUWRIWKHLQFLGHQW
³7KHPRWRUDOVRGDPDJHG WKH WUDFN LQ WKH WXQQHOVPDVKLQJVHYHUDOVOHHSHUVDQG LQVXODWLQJSRWVRQ
WKHSRZHUUDLOV7KHGHUDLOPHQWDOVRSXVKHGWKHUXQQLQJDQGSRZHUUDLOVRXWRIWKHLUPRXQWLQJVIRU
DURXQGPHWUHV7KHVLGHVRIWKHGHUDLOHGFDUVDOVRLQIOLFWHGGDPDJHRQWKHWXQQHOFDEOHEUDFNHWV
DVVRFLDWHG FDEOHVDQG WXQQHO WHOHSKRQHZLUHV  6RPHGHEULV DSSHDUV WRKDYH HQWHUHG WKHSDVVHQJHU
VDORRQ 7KHSODWIRUPHGJHZDVGDPDJHG IRUDERXWPHWUHV IURP WKH UHDU WXQQHOZDOO´ /RQGRQ
8QGHUJURXQG
%\ UHGXFLQJ WKH OLNHOLKRRGRI WKH WUDFWLRQPRWRUGHWDFKLQJ LQ WKHHYHQWRIDEODVWZLOOPLQLPLVH WKH
SRVVLELOLW\RIGHUDLOPHQWDQGGDPDJHWRLQIUDVWUXFWXUH7KLVFDQEHDFKLHYHGWKURXJKORFDOVWUHQJWKHQLQJ
RIWKHYHKLFOHVWUXFWXUH
&ULWLFDOV\VWHPV
&ULWLFDOV\VWHPVVKRXOGVXUYLYHDEODVWLQSDUWLFXODUOLJKWVDQGFRPPXQLFDWLRQV\VWHPVVKRXOGUHPDLQ
RSHUDWLYHLQRUGHUWRDYRLGLQMXULHVZKHQWU\LQJWROHDYHWKHWUDLQLQFRPSOHWHGDUNQHVVDQGZLWKRXWDQ\
JXLGDQFH7KH\VKRXOGWKHUHIRUHEHVKLHOGHGIRUH[DPSOHSODFLQJFDEOHVLQVLGHPHWDOWXEHVDQGRUXQGHU
WKHFDUULDJHIORRU$WHWKHULQJV\VWHPPD\EHHPSOR\HGWRHQVXUHWKDWVPDOOEXWKHDY\REMHFWVVXFKDV
VSHDNHUVDQGHPHUJHQF\SXOOKDQGOHVGRQRWEHFRPHFRPSOHWHO\GHWDFKHGIURPWKHLUKRXVLQJVGXULQJD
EODVW
'ULYHUFDELQ
2QHRI WKHNH\ ILQGLQJV IURP LQYHVWLJDWLRQV LQWR WKH/RQGRQ8QGHUJURXQGERPELQJVRI WKHWK -XO\
ZDVWKDWIROORZLQJWKHLQFLGHQWWKHUHZHUHQRFOHDUPHDQVRIFRPPXQLFDWLRQEHWZHHQWKHSDVVHQJHUV
DQGWKHGULYHU
³3DVVHQJHUVRQWKHWKUHHERPEHGWUDLQVZHUHXQDEOHWRFRPPXQLFDWHZLWKWKHGULYHUVRIWKHWUDLQVWR
DOHUW WKHP WR WKH H[SORVLRQ  +DG WKH\ EHHQ DEOH WR GR VR WKH\ PLJKW KDYH EHHQ DEOH WR KHOS WKH
WUDQVSRUW DQG HPHUJHQF\ VHUYLFHV HVWDEOLVK ZKDW KDG KDSSHQHG LQ WKH PLQXWHV IROORZLQJ WKH
H[SORVLRQV´*UHDWHU/RQGRQ$XWKRULW\
0DWHULDOVVLPLODUWRWKRVHXVHGLQWKHZDOOVDQGURRISDQHOVFDQEHVXJJHVWHGIRUSURWHFWLRQRI WKH
EXONKHDGEHWZHHQGULYHUVFDELQDQGSDVVHQJHUFRPSDUWPHQW(QHUJ\DEVRUELQJDQGSHQHWUDWLRQUHVLVWDQW
PDWHULDOVFDQEHXVHG LQD VLPLODU IRUPDW WR WKHZDOOSURWHFWLRQ KRZHYHU LW LVPRUH OLNHO\ WKDW WKH IXOO
H[WHQWRIWKHEXONKHDGZLOOEHUHLQIRUFHG,QFDVHRIDEODVWWKHGULYHUVKRXOGEHDEOHPRYHWKHWUDLQWRWKH
FORVHVW VWDWLRQ LQRUGHU WR OHW WKHSDVVHQJHUV OHDYH WKH WUDLQ VDIHO\DQG WKH UHVFXHUV WRKHOS WKH LQMXULHV
%HVLGHVWKLVZRXOGEHSRVVLEOHRQO\LIDOVRHOHFWULFSQHXPDWLFDQGK\GUDXOLFV\VWHPVDUHVWLOOLQVHUYLFH
DIWHUWKHEODVWLQRUGHUWRPRYHWKHWUDLQWKH\VKRXOGEHWKHUHIRUHSURWHFWHG
$UVRQDQGILUHVXSSUHVVLRQSUHYHQWLRQ
7KHHYHQWVRIWK)HEUXDU\LQWKHVXEZD\V\VWHPRI'DHJX6RXWK.RUHDKLJKOLJKWWKHUDSLGLW\
ZLWKZKLFK ILUH FDQ VSUHDG DQG WKH KLJK QXPEHU RI IDWDOLWLHV VXFK DQ HYHQW FDQ EULQJ DERXW $IWHU DQ
DUVRQLVWVHWILUHWRIRXUOLWUHVRIIODPPDEOHOLTXLGLWVSUHDGTXLFNO\WRDOOVL[FRDFKHVRIWKHWUDLQZLWKLQ
WZRPLQXWHV GXH WR WKH KLJKO\ IODPPDEOH LQWHULRU RI WKH WUDLQ  7KH VHDWV IORRULQJ DQG DGYHUWLVHPHQW
3526   Conor O’Neill et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3518 – 3527 
ERDUGV ZHUH QRW PDQXIDFWXUHG IURP ILUH SURRI PDWHULDOV EXW FRPSRVHG RI IODPPDEOH ILEUHJODVV
FDUERQDWHGYLQ\ODQGSRO\HWK\OHQH7KHILUHDOVRVSUHDGWRWUDLQWUDYHOOLQJLQWKHRSSRVLWHGLUHFWLRQ
ZKLFK VWRSSHG DORQJVLGH  $W OHDVW  SHRSOH ZHUH NLOOHG DQG DSSUR[LPDWHO\  LQMXUHG 1DWLRQDO
(PHUJHQF\0DQDJHPHQW$JHQF\
:KLOVW LW LV QRZ EHFRPLQJ WKH QRUP WR LQFOXGH ILUH UHVLVWDQW PDWHULDOV LQ PHWUR YHKLFOHV VXFK DV
FRPSOLDQFHWR&(176WKHUHUHPDLQVWKHRSSRUWXQLW\WRLQWURGXFHILUHVXSSUHVVLRQWHFKQRORJ\RQ
ERDUGWKHYHKLFOHV
'HSOR\LQJDQHIIHFWLYHILUHVXSSUHVVLRQV\VWHPFDQIRUPDNH\LQJUHGLHQWLQWKHILUHVDIHW\GHVLJQRID
WUDLQFDUULDJH&RQVWUDLQWVRQWKHDPRXQWRIZDWHUWKDWFDQEHVWRUHGRQDWUDLQIRUDVSULQNOHUV\VWHPDQG
DEDQRQWKHXVHRIR]RQHGHSOHWLQJ+DORQZRXOGPDNHZDWHUPLVWWHFKQRORJ\DSUDFWLFDODOWHUQDWLYH
IRUILUHFRQWUROLQWUDLQV ,QFRPSDULVRQWRDVSULQNOHUVSUD\WKHVPDOOHUVL]HGZDWHUPLVWGURSOHWVRIIHU
ODUJHUVXUIDFHDUHDIRUWKHVDPHDPRXQWRIZDWHUDOORZLQJIDVWHUHYDSRUDWLRQRIWKHGURSOHWVDQGPRUH
HIIHFWLYHKHDWH[WUDFWLRQIURPDILUH 7KHPLVWYDSRXUGLOXWHVWKHFRQFHQWUDWLRQRIR[\JHQDVZHOODVRI
WKHS\URO\VLVIXHOYDSRXU WKXVVORZLQJRUDUUHVWLQJFRPEXVWLRQ :DWHUPLVWFDQDOVREORFNWKHWKHUPDO
UDGLDWLRQDQGSUHZHWRWKHUFRPEXVWLEOHVLQWKHYLFLQLW\WRUHGXFHWKHLUWHPSHUDWXUHDQGGHOD\WKHLJQLWLRQ
.H\V\VWHPVWRLPSURYHVXUYLYDELOLW\
6XUYLYDELOLW\RIFHUWDLQNH\V\VWHPVRQ WKHPHWURYHKLFOHZLOODOORZWKH WHDPLQFKDUJHRI WKHFULVLV
PDQDJHPHQW WR JDWKHU LQIRUPDWLRQ RQ WKH VWDWXV DQG ORFDWLRQ RI WKH GDPDJHG WUDLQ RU WUDLQV DQG WKHLU
RFFXSDQWV7KLVLVRISDUDPRXQWLPSRUWDQFHLQRUGHUWRHIILFLHQWO\PDQDJHWKHUHVFXHRSHUDWLRQV)RUWKH
VXUYLYLQJ SDVVHQJHUV WKH SRVWEODVW IXQFWLRQDOLW\ RI FHUWDLQ V\VWHPV ZLOO DOORZ WKHP WR DVVHVV WKHLU
FRQGLWLRQKHOSWKHPVHOYHVDQGHDFKRWKHUDQGDOORZUHVFXHDFFHVVDQGHYDFXDWLRQ
7KH6HFXUH0HWURSURMHFWKDVLGHQWLILHGWKHIROORZLQJOLVWRINH\V\VWHPVZKLFKVKRXOGEHGHVLJQHGWR
UHPDLQZKROO\RUSDUWLDOO\RSHUDWLRQDOSRVWEODVW
x /LJKWLQJ7KHILUVWQHHGRIWKHVXUYLYRUVLVWRDVVHVVWKHLUFRQGLWLRQUHDFKIRUVDIHSODFHVWU\WR
FRPPXQLFDWHZLWKWKHRXWVLGHZRUOGDQGIDFLOLWDWHUHVFXH%ODVWUHVLVWDQWHPHUJHQF\OLJKWLQJWKHUHIRUH
UDQNVYHU\KLJKRQWKHOLVWRISULRULWLHV3URYLVLRQVKRXOGEHPDGHWRHQVXUHYLVLELOLW\WKURXJKVPRNH
DQGVRRW)ODVKOLJKWVVKRXOGEHDYDLODEOH*UHDWHU/RQGRQ$XWKRULW\
x 'ULYHU7KHSUHVHQFHRIWKHGULYHULVRISDUDPRXQWLPSRUWDQFHLQWKHFDVHRIDQHPHUJHQF\QRWRQO\
SURYLGLQJWKHYLFWLPVZLWKDSHUVRQZKRLVNQRZOHGJHDEOHRIHPHUJHQF\SURFHGXUHVWKHWUDLQDQGWKH
XQGHUJURXQG V\VWHP LWVHOI EXW DOVR DFWLQJ DV D SRLQW RI FRQWDFW WR UHOD\ XSGDWHV DQG FRPPDQGV WR
SDVVHQJHUV IROORZLQJ WKH LQFLGHQW 0RUHRYHU WKH SUHVHQFH RI D NQRZOHGJHDEOH SHUVRQ UHOLHYHV WKH
VHQVHRIKHOSOHVVQHVV ,QDXWRPDWLFPHWURV\VWHPVWKHVDPHIXQFWLRQFDQEHIXOILOOHGE\ WKHFRQWURO
FHQWUHVRLQWKLVFDVHWKHLQWHUFRPDQGWKHDVVRFLDWHGUDGLROLQNWDNHDSDUWLFXODUO\YLWDOUROH
x ZD\ UDGLR FRPPXQLFDWLRQV  7KLV OLQN LV XVHG ERWK WR DOORZ WKH SHUVRQV LQ FKDUJH RI WKH FULVLV
PDQDJHPHQWWRJDWKHULQIRUPDWLRQIURPWKHGULYHURUWKHSDVVHQJHUVDQGWRFRPPXQLFDWHLQIRUPDWLRQ
DQG LQVWUXFWLRQV 7KH UROHRIFRPPXQLFDWLQJZLWK WKHRXWVLGHZRUOG LV LPSRUWDQW QRWRQO\ IURP WKH
SUDFWLFDOSRLQWRIYLHZEXWDOVRWRUHOLHYHWKHVHQVHRISRZHUOHVVQHVVDQGLVRODWLRQ
x 'RRU RSHUDWLQJ V\VWHPV  7KH FDSDELOLW\ WR HJUHVV WKH WUDLQ DIWHU D EODVW LV XQTXHVWLRQDEO\ D EDVLF
UHTXLUHPHQWDOVRWRDYRLGWKHIHHOLQJRIEHLQJWUDSSHG$VVXFKWKHGRRUVVOLGHVPXVWEHJXDUDQWHHG
WREHRSHUDWLYHDOVRLQWDNLQJPHDVXUHVDJDLQVWWKHEORFNDJHRIWKHPHFKDQLVPE\SLHFHVRIJODVVIRU
H[DPSOHWKHXQORFNLQJPHFKDQLVPPXVWEHXVDEOHHYHQLIXQSRZHUHGDQGGRRUVVKRXOGEHDEOHWREH
RSHUDWHGIURPLQVLGHWKHFDUULDJH
x %DFNXSRI WKH VXUYHLOODQFHGDWD IRU IRUHQVLFSXUSRVH 7KLV IXQFWLRQDOLW\ LVDPHUHEDFNXSRIGDWD
UHFRUGHGEHIRUHWKHEODVWLWKDVQRWEHHQIRXQGQHFHVVDU\WRNHHSJDWKHULQJGDWDRIWKHH[SORVLRQDQG
DIWHUZKLFKZRXOGUHTXLUHKDUGHQLQJWKHFDPHUDVDQGPLFURSKRQHV
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&RQFOXVLRQV
7KHUHVHDUFKRIWKH6HFXUH0HWURSURMHFWKDVUHYHDOHGQRWRQO\DQLQFUHDVHLQWKHIUHTXHQF\RIWHUURULVW
DWWDFNVRQUDLOV\VWHPVEXWDOVRLQWKHPDJQLWXGHRIORVVDVVRFLDWHGZLWKVXFKDWWDFNV7KHILQGLQJVDOVR
UHYHDO WKDWZKHQ DWWDFNV DUHSHUSHWUDWHG DJDLQVWPHWUR V\VWHPV WKHUH LV D VWURQJ WHQGHQF\ WR WDUJHW WKH
YHKLFOHV DV RSSRVHG WR WKH VXUURXQGLQJ LQIUDVWUXFWXUH:KLOVW GHWHFWLRQ DQG SUHYHQWLRQ UHPDLQ NH\ WR
UHGXFLQJWKHHIIHFWLYHQHVVRI WHUURULVWDWWDFNV WKH6HFXUH0HWURSURMHFWKDVKLJKOLJKWHGDQXPEHURINH\
DUHDVZLWKLQWKHPHWURYHKLFOHVWUXFWXUHLWVHOIZKLFKFRXOGEHPRGLILHGWRLPSURYHWKHLUUHVLOLHQFHWRWKH
HIIHFWVRIEODVWDQGILUHERPEDWWDFNV
7R LGHQWLI\ WHFKQRORJ\ VROXWLRQV IRU PHWUR YHKLFOHV WKH 6HFXUH0HWUR SURMHFW VKDOO IRFXV RQ WKH
LPSURYLQJWKHUHVSRQVHRIWKHYHKLFOHVWUXFWXUHLQWKHIROORZLQJDUHDV
x 5HLQIRUFLQJWKHGULYHU¶VEXONKHDG
x 5HGXFWLRQLQWKHOHYHORIJOD]LQJIUDJPHQWDWLRQ
x 5HGXFWLRQRISURMHFWLOHVIURPZDOOVDQGFHLOLQJV
x /HVVHQWKHOLNHOLKRRGRIHTXLSPHQWGHWDFKPHQW
x 3URWHFWLRQRINH\V\VWHPV
$ SUDJPDWLF DSSURDFK LV QHHGHG ZKHQ GHILQLQJ GHVLJQ FULWHULD WR PLWLJDWH WHUURULVW DWWDFNV 7KH
WHFKQRORJLHVWKDW WKHSURMHFWVKDOO IRFXVRQZLOOQHHGWRWDNHLQWRDFFRXQWVRPHZLGHUFRQVLGHUDWLRQVRI
WKH LQGXVWU\ VXFKDVFRVWHIIHFWLYHQHVV WKHSRWHQWLDO IRUDQ LQFUHDVH LQ WKHPDVVRI WKHYHKLFOHDQG WKH
SUDFWLFDOLW\RILPSOHPHQWLQJVXFKWHFKQRORJLHVZLWKLQH[LVWLQJPHWURYHKLFOHVWUXFWXUHV%DODQFLQJWKHVH
FULWHULDZLOOEHNH\WRGHVLJQLQJDVXFFHVVIXOEODVWDQGILUHERPEUHVLOLHQWYHKLFOH
5HFRPPHQGDWLRQVIRUIXWXUHZRUN
7KH6HFXUH0HWURSURMHFWKDVFXUUHQWO\LGHQWLILHGDVHULHVRIVPDOODQGODUJHVFDOHEODVWWHVWVWRSURYH
RXW WKH WHFKQRORJLHV  3DQHOV WHVWLQJ VKDOO SURYLGH WKH GDWD UHTXLUHG WR VXSSRUW WKH EODVW VLPXODWLRQ
DFWLYLWLHVZKLOVW WZRIXOOVFDOHWHVWVVKDOOGHILQHWKHUHVSRQVHRIFXUUHQWWHFKQRORJ\DQGVXEVWDQWLDWHWKH
HIIHFWRIWKHLGHQWLILHGEODVWPLWLJDWLRQWHFKQRORJ\
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH (XURSHDQ &RPPLVVLRQ IRU VXSSRUWLQJ WKH IXQGLQJ IRU WKH
³6HFXUH0HWUR± ,QKHUHQWO\ VHFXUHEODVW UHVLVWDQW DQG ILUH VDIHPHWUR YHKLFOHV´SURMHFW DQGZRXOG DOVR
ZLVKWRWKDQNDOOSDUWLFLSDWLQJSURMHFWSDUWQHUV
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
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OHJDF\ORQGRQJRYXNDVVHPEO\UHSRUWVMXO\UHSRUWSGI

/RQGRQ8QGHUJURXQG'HUDLOPHQWDW&KDQFHU\/DQH,QWHULP5HSRUW$YDLODEOHDW
KWWSZZZUDLOZD\VDUFKLYHFRXNGRFXPHQWV+6(B&KDQFHU\/DQHB,QWHULPSGI

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